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ABSTRACT
We present three dimensional (3D) dust mapping of 12 supernova remnants (SNRs)
in the Galactic anti-center (Galactic longitude l between 150◦ and 210◦) based on a
recent 3D interstellar extinction map. The dust distribution of the regions which cover
the full extents in the radio continuum for the individual SNRs are discussed. Four
SNRs show significant spatial coincidences between molecular clouds (MCs) revealed
from the 3D extinction mapping and the corresponding radio features. The results
confirm the interactions between these SNRs and their surrounding MCs. Based on
these correlations, we provide new distance estimates of the four SNRs, G189.1+3.0
(IC443, d = 1729+116−94 pc), G190.9-2.2 (d = 1036
+17
−81 pc), G205.5+0.5 (d = 941
+96
−94 or
1257+92−101 pc) and G213.0-0.6 (d = 1146
+79
−80 pc). In addition, we find indirect evidences
of potential interactions between SNRs and MCs for three other SNRs. New distance
constraints are also given for these three SNRs.
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1 INTRODUCTION
A large fraction of core-collapse supernova explosions may
happen near the molecular clouds (MCs) which gave birth to
their progenitor stars (Huang & Thaddeus 1986). For now,
among more than 300 Galactic SNRs, about 70 are known
or are speculated to have physical contact with their sur-
rounding MCs (Chen et al. 2014a). The surrounding MCs
would play a critical role in the evolution of the supernova
remnants (SNRs).
Traditionally, OH maser emission has been used to iden-
tify the interactions between the SNRs and their surround-
ing MCs. However, the OH maser emission does not provide
specific knowledge about the environment and interaction
around the SNR. The detection threshold also restricts its
application, since the intensity of this emission may be very
weak and we may miss many SNR-MC associations. MCs
traced by the CO emissions are also commonly adopted to
find spatial correlations with any possible interacting SNRs
(e.g. Huang & Thaddeus 1986; Jiang et al. 2010; Jeong et al.
2012; Chen et al. 2014a). However, in low density regions of
a MC, CO could be undetectable due to the low column
density. Besides, there is a substantial fraction of “CO dark
? E-mail: yubin2015g@mail.bnu.edu.cn (BY); bchen@ynu.edu.cn
(BQC)
gas” where H2 cannot be traced by any CO emission (Chen
et al. 2015; Planck Collaboration et al. 2011). In such cases,
dust observation via optical and near-infrared (IR) extinc-
tion seems to be a better way to trace the MCs (Goodman
et al. 2009; Chen et al. 2014b). From the three-dimensional
(3D) dust extinction mapping, Chen et al. (2017) have iden-
tified a new dust feature, namely the “S147 dust cloud”, that
may be possibly interacting with the SNR S147. In addition,
they have also obtained a new accurate distance estimate of
S147 from the 3D extinction analysis.
The distance is key to understanding the properties,
such as the age and size, of SNRs. Many methods have been
applied to estimate the distances of SNRs. The empirical
relation between surface brightness (Σ) and diameter (D)
of SNRs, Σ = aDb, is often adopted to obtain distances of
SNRs. The method is straightforward and can be easily ap-
plied. However, the method suffers from large uncertainties,
of up to 40 percent (Case & Bhattacharya 1998). The empir-
ical relation can be influenced by interstellar medium. The
distribution of explosion energy and determination of diam-
eter also cause uncertainties (Guseinov et al. 2003; Zhu &
Tian 2014). Another method widely used is to determine
the kinematic distance of an SNR based on the HI and CO
absorption lines. However, the resulted kinematic distance,
especially that in the direction of the Galactic anticentre,
also suffers from large uncertainties as the method relies on
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the Milky Way rotation curve model and the deviations from
noncircular rotation (Leahy & Tian 2008; Tian et al. 2007,
2008; Tian & Leahy 2012). Other methods, such as calcu-
lating the Sedov distance of shell type SNRs with X-ray
observation and association with objects with known dis-
tance are restricted to specific SNRs. Recently, estimating
the distances of SNRs from the 3D dust mapping has re-
ceived increasing attention. Zhao et al. (2018) have obtained
the distance of the Monoceros SNR using a 3D dust extinc-
tion analysis based on data from the 2MASS photometric
survey and the APOGEE and LAMOST spectroscopic sur-
veys. Shan et al. (2018) have measured distances of 15 SNRs
based on the extinction profiles obtained from 2MASS red
clumps stars.
In this work, we conduct a systematic study of 12 SNRs
in the Galactic anti-center based on the recent 3D extinction
maps from Chen et al. (2019). We present a detailed anal-
ysis of 3D dust distributions in regions of these SNRs and
seeking for MCs which would have spatial correlation with
their radio features. It may help us to identify interactions
between SNRs and MCs and provide new distance estimates
of the corresponding SNRs.
This paper is organized as follows. In Section 2 and 3
we describe our data and method. Results are presented in
Section 4, and implications, comparisons with other results
and further development are discussed and summarized in
Section 5.
2 DATA
Chen et al. (2019) build a new 3D interstellar dust extinction
map of the Galactic plane (Galactic longitude 0◦ < l < 360◦
and latitude |b| < 10◦). The spatial angular resolution is 6
arcmin. The maps are based on the robust parallax estimates
and the high-quality optical photometry from the Gaia Data
Release 2 (Gaia DR2), together with the infrared photom-
etry from the 2MASS and WISE surveys. Color excesses,
E(G−KS), E(GBP−GRP), E(H−KS) of over 56 million stars are
estimated from Random Forest regressions. The distances to
individual stars are adopted from Bailer-Jones et al. (2018),
who use a Bayesian procedure to transfer the Gaia parallax
into distances. In this work, only the distances of stars with
Gaia parallax errors no more than 20 percent are adopted.
We select individual stars from Chen et al. (2019) inside
12 squares which centered at our targets SNRs. The side
length of each square is decided from the size of the SNR
summarized by Green (2017). The coverages and numbers
of sources are presented in Table 1.
To demonstrate the spatial coincidence between the
MCs and radio features of SNRs, radio data from the Sino-
German 6 cm Polarization Survey of the Galactic Plane (Gao
et al. 2010) are adopted. This survey was performed using
a dual-channel 6 cm receiving system on the Urumqi 25 m
radio telescope. The receiving system has a system temper-
ature of about 22 K, centers at 4800 MHz. The half power
beam width (HPBW) is 9.5′.
Table 1. The coverages and numbers of sources in target SNRs.
ID l b Side Length(arcdeg) Number of Sources
1 189.1 3 3.0 27021
2 190.9 -2.2 4.0 43092
3 205.5 0.5 4.4 62762
4 213 -0.6 4.0 60939
5 182.4 4.3 1.2 4227
6 152.4 -2.1 3.0 27130
7 160.9 2.6 4.0 50815
8 206.9 2.3 1.6 9431
9 156.2 5.7 3.0 21518
10 166 4.3 2.0 13664
11 178.2 -4.2 1.6 6549
12 179 2.6 1.2 5367
3 METHOD
To identify spatial correlations between SNRs and MCs, we
first analyze the dust spatial distribution in three dimensions
for regions of the individual SNRs. The method is similar to
that of Chen et al. (2019). For each SNR, we divide the
sample of stars into pixels of size 9′ × 9′. For each pixel, the
dust extinction profile is parameterised by a piecewise linear
function,
E(µ) =
µ∑
i=0
(∆E i), (1)
where µ is the distance module, ∆E i is color excess in the
ith distance bin and E refers to E(G − KS), which is more
sensitive to the amount of the interstellar dust. The length
of each bin is set as δµ = 0.5 mag. A Markov chain Monte
Carlo (MCMC) procedure is performed to derive the best
set of ∆E i which have the maximum value of the likelihood
defined as,
L = ΠNn=1
1√
2piσn
exp(
−(Enobs − Enmod)2
2σ2n
), (2)
where n is index of star in the pixel, Enobs and E
n
mod are re-
spectively the colour excess from Chen et al. (2019) and
that given by Eq. (1) of the star, σn is the combined un-
certainty of the derived colour excess Enobs and distance d
n,
given by σn =
√
σ2
Enobs
+ (Enobs
σdn
dn
)2, and N is the total num-
ber of stars in the pixel. With the resulted ∆E i , we then plot
the spatial distribution of the differential dust extinction for
the individual dust slices of each SNR and compare to the
morphology of the 6 cm radio emissions of the SNR to iden-
tify any MCs that have possible spatial correlation with the
SNR.
Once we find any possible correlations between the mor-
phologies of MCs and SNRs, a method similar as that from
Chen et al. (2017) is then adopted to obtain the accurate
distance of the MC. We select all stars in the region of the
MC and examine the variation of their colour excess values
with distances. As the dust density in the MC is higher than
that in the diffuse medium, the colour excess will increase
sharply when meeting with MC. Thus the distance to the
MC can then be determined from the position where the
extinction increases sharply. A simple colour excess model
MNRAS 000, 1–14 (2017)
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E(d) is adopted to find the position, by
E(d) = E0(d) + E1(d), (3)
where E0(d) is the colour excess from the diffuse medium and
E1(d) is that contributed from the MC. Similar to in Chen
et al. (2017), the models of E0(d) and E1(d) are respectively
defined by,
E0(d) = ad + bd2, (4)
and
E1(d) = δE
2
(
1 + erf
(
d − d0√
2D · d0
))
, (5)
where a and b are polynomial coefficients, δE is the increas-
ing amplitude of colour excess, D is the width of the corre-
sponding SNR and d0 is the position where the sharp colour
excess increasing occurs (i.e. the distance of the MC). Since
the distance uncertainties could be larger than the width of
the MC, it is very hard to constrain the width of the MC.
Thus we simply assume that the width of the MC equals
the width of the correlated SNR. For each MC, we bin the
stars in distance intervals with width of 0.1 kpc and fit the
medium colour excess values in each bin with the model de-
scribed above using a Monte Carlo procedure.
4 RESULTS
3D colour excess distribution maps are plotted as contours at
several 0.5 kpc distance intervals between 0 and 4 kpc in the
directions of different SNRs. The whole maps are available
online. We select the most distinguishable MCs and com-
pare to the 6 cm radio emission features of SNRs to find any
spatial correlations. If the morphology of a MC is spatially
coincident or anti-coincident with the radio observations, we
assume that there would be possible interaction between the
MC and the corresponding SNR. Distance of the SNR is then
given by fitting the colour excess profile of the stars in the
MC area. Results of the individual SNRs are described in
detail below.
4.1 G189.1+3.0, IC443
IC443 (G189.1+3.0) is located near the Gem OB1 associa-
tion (Cornett et al. 1977). A pulsar associated with IC443
(Olbert et al. 2001) and a nearby dense giant molecular cloud
with OH maser emission (Claussen et al. 1997) strongly sug-
gest a core-collapse origin. However, Leahy (2004) argue that
there is a separate supernova remnant, G189.6+3.3, and the
pulsar is more likely related to it rather than to IC 443.
There are plenty of evidences for the interaction between
IC443 and its nearby MC. Denoyer (1978) first detect high-
velocity HI emission and broad emission in the region. The
absorption lines of CO and OH are then detected by De-
noyer (1978, 1979a,b). Shocked HI filaments (Braun & Strom
1986; Lee et al. 2008) and shocked molecular clumps (Huang
et al. 1986; Dickman et al. 1992; Snell et al. 2005) have also
been found in the SNR. The OH (1720 MHz) masers co-
incident with the shocked molecular material, observed by
Claussen et al. (1997) and Hewitt et al. (2006) also indi-
cate the SNR-MC interaction. The distance of IC443 is esti-
mated as 0.7-1.5 kpc, suggested by mean optical velocity, or
1.5-2 kpc, given by the association with the HII region S249
(Green 2017).
In the region of IC443, significant MC features are
found at distance bins 1.5-2.0 kpc and 2.0-2.5 kpc (first col-
umn in Fig. 1). The MC features have a significant spa-
tial coincidence with the morphology of the 6 cm radio ob-
servation of IC443. One feature is on the left-bottom side
(l ∼ 189.4◦, b ∼ 3.0◦, noted as MC1a), and another in the
right-top corner (l ∼ 189.0◦, b ∼ 3.2◦, noted MC1b). Our re-
sult is consistent with the previous works mentioned above,
which confirms that these MCs are interacting with IC443.
We select stars in regions of the two MC features, which are
indicated by the red polygon in the second columns of Fig. 1
and then calculate the distances of the two MCs. Results
are shown in the third column of Fig. 1. Our results yield
d0 = 1729+116−94 pc, δE(G − KS) = 0.5+0.10−0.13mag for the MC1a,
and d0 = 1865+174−116 pc, δE(G − KS) = 0.37+0.16−0.15mag for MC1b.
The distances of the two MCs are consistent with each other.
From the colour excess profile fitting diagram of MC1b plot-
ted in the bottom-right panel of Fig. 1, we are able to iden-
tify two significant sharp increases of the colour excess, one
at about 1.7 kpc and the other at about 2.0 kpc. Consider-
ing that there is also a MC feature in the direction of S264
(l ∼ 189.0◦, b ∼ 4.2◦) at distance bin 1.5-2.0 kpc, which is
suggested to correlate with IC443, we suggest that the two
clouds at distance between 1.5-2.0 kpc are more likely to
be correlated with IC443. The result, d0 = 1729+116−94 pc, is
adopted as the distance of IC443 in our work.
4.2 G190.9-2.2
Foster et al. (2013) identify G190.9-2.2 as a shell-type rem-
nant. Its east and west halves are elongated perpendicular
to the Galactic plane. They report that the SNR is evolving
in a low-density region bounded by two MCs traced by 12CO
in the east and west of the SNR. The surface brightness of
this SNR is very low (
∑
1GHz ≤ 5 × 10−23Wm−2 Hz−1 sr−1).
According to the kinematic distance to the remnant of
1.0 ± 0.3 kpc based on the CO and HI observations (radial
velocity of +5.1 km s−1), the physical dimension is about
18 × 16 pc.
In the 3D extinction maps of G190.9-2.2, we find two
MC features, which are located respectively on the east and
west side of the remnant (l ∼ 192.0◦, b ∼ −1.6◦, noted MC2a,
l ∼ 190.4◦, b ∼ −2.2◦, noted MC2b, left panel of Fig. 2)
and are in good agreement of the structures suggested by
Foster et al. (2013). Thus we suggest the two MCs may be
interacting with the SNR. These two clouds are located at
distance bin 1.0-1.5 kpc. Stars in the regions of the two MCs
are then selected and distances of the individual MCs are
fitted separately. We obtain d0 = 1031+19−79 pc, δE(G − KS) =
0.95+0.05−0.11mag for MC2a and d0 = 1036
+17
−81 pc and δE(G−KS) =
0.92+0.05−0.08mag for MC2b. The distances of the two MCs are
consistent with each other. Thus the distance of the SNR is
estimated as the averaged distance of the two MCs, which
is 1.03+0.02−0.08 kpc.
4.3 G205.5+0.5, Monoceros Nebula
The Monoceros SNR is a large shell-type SNR. The bright
Rosette Nebula is located in the south edge of the SNR
MNRAS 000, 1–14 (2017)
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Figure 1. Left: differential colour excess distribution maps of IC443 at distance bin 1.5-2.0 kpc (upper panel) and 2.0-2.5 kpc (bottom
panel). Middle: the comparisons of the differential colour excess distribution maps of IC443 at distance bin 1.5-2.0 kpc (upper panel)
and 2.0-2.5 kpc (bottom panel) with the morphologies of the 6 cm radio emissions. Right: the colour excess profile fitting for two MCs
(MC1a, top panel and MC1b, bottom panel). The colour contours in the left panels and the grey-scale contours in the middle panels
represent the distribution of the differential colour excesses, which vary from 0.2 mag to 0.7 mag with interval of 0.1 mag. The colour maps
in the middle panels represent the Urumqi 6 cm radio image of IC443. The red polygons in the middle panels represent the corresponding
regions of MC1a and MC1b we selected. Red points are median values in each distance bin. Red dashed lines are extinction curve without
the contribution of MCs. Blue lines are the best-fit colour excess profiles resulted from 100 randomly picked sample by the Monte Carlo
analysis.
shell and in the north there is an HII region, Sh 2-273
(Graham et al. 1982), which has an average spectral index
α = −0.47 ± 0.06 (Sν ∼ να) from 111-2700 MHz radio data.
Leahy (1986) suggest that the SNR is expanding in a low-
density (0.003 cm−3) medium. There is large discrepancy of
distance estimates of the Monoceros Nebula between differ-
ent studies. For example, the mean optical velocity of the
SNR suggests a distance of 0.8 kpc, but the low-frequency
radio absorption gives an estimate of 1.6 kpc (Green 2017).
Based on all the available information, Odegard (1986) argue
that the Monoceros Nebula is located at the same distance
of the Monoceros OB2 association, which is about 1.6 kpc,
and they obtain a diameter of about 106 pc for the SNR.
Interactions between the Monoceros and the Rosette Nebu-
lae have been identified at different wavelengths (Fountain
et al. 1979; Jaffe et al. 1997; Fiasson et al. 2008; Torres et al.
2003; Xiao & Zhu 2012). Zhao et al. (2018) obtain distances
of the Monoceros SNR and the Rosette Nebula of 1.98 kpc
and 1.55 kpc, respectively, using a 3D extinction analysis
based on data from the 2MASS photometric survey and the
APOGEE and LAMOST spectroscopic surveys. They argue
that there is no interaction between the two nebulae.
In this work, we find that the MC feature at distance
between 1.0 and 1.5 kpc in the direction of the SNR is coher-
ent surrounding the remnant (the top left panel of Fig. 3).
MC features are visible at both the directions of the Rosette
Nebula and the HII region Sh 2-273. Furthermore, there are
MC features of relatively lower colour excesses located at
the eastern and western shell of the Monoceros Nebula. We
select three MCs, two in the west (l ∼ 204.8◦, b ∼ 1.6◦, noted
MC3a, l ∼ 204.6◦, b ∼ 0.4◦, noted MC3b) and the other in
the direction of the Rosette Nebula (MC3c). Both the dis-
tances of MC3a and MC3b are suggested as ∼ 0.9 kpc in the
colour excess profile fitting procedure. The best-fit results
of MC3a are d0 = 927+12−75 pc and δE(G − KS) = 0.62+0.04−0.04mag
and those of MC3b are d0 = 941+96−94 pc and δE(G − KS) =
0.36+0.05−0.09mag. However, the colour excess profile in regions
of MC3c, which correlates to the Rosette Nebula is not con-
sistent with MC3a and MC3b. The resulted distance, d0 =
1.26 kpc, is larger than that of MC3a and MC3b. However,
this agrees with the previously determined distance of the
Rosette Nebula by taking the uncertainties into account.
For example, e.g. Zhao et al. (2018) obtained 1.55 kpc, and
Davies et al. (1978) obtained 1.6 kpc for the Rosette Nebula.
We consider that MC3c is the Rosette Nebula and different
from the MC3a and MC3b MCs. Therefore, if the Mono-
MNRAS 000, 1–14 (2017)
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Figure 2. Left: the colour excess distribution map of G190.9-2.2 at distance bin 1.0-1.5 kpc . Middle: two high reddening regions selected
from the map, MC2a(upper panel) and Mc2b (bottom panel) with the morphologies of the 6 cm radio emissions. Right: the colour excess
profile fitting for two MCs (MC2a, top panel and MC2b, bottom panel). The colour contours in the left panels and the grey-scale contours
in the middle panels represent the distribution of the differential colour excesses, which vary from 0.18 mag to 0.79 mag with interval of
0.09 mag. The colour maps in the middle panels represent the Urumqi 6 cm radio image of G190.9-2.2. The red polygons in the middle
panels represent the corresponding regions of MC2a and MC2b we selected. Red points are median values in each distance bin. Red
dashed lines are extinction curve without the contribution of MCs. Blue lines are the best-fit colour excess profiles resulted from 100
randomly picked sample by the Monte Carlo analysis.
ceros Nebula is interacting with the MC3a and MC3b MCs,
its distance can be the average of MC3a and MC3b, i.e.
0.93+0.05−0.08 kpc. On the other hand, if it is interacting with
the Rosette Nebula, its distance is then 1.26+0.09−0.10 kpc. As de-
scribed in the above paragraph, some works identified the
interaction between the Monoceros and Rosette Nebulae,
it is also possible that the distance of Monoceros SNR to
be 1.26 kpc, and MC3a and MC3b are foreground nebu-
lae. Nevertheless, there is some discrepancy with the result
(1.98 kpc) of Zhao et al. (2018) even when the uncertainties
of both results are considered. The main reason lies in that
we take the distance of the surrounding MC as the distance
of the SNR while Zhao et al. (2018) derive the distance from
the stars within the SNR region, and their study shows that
the Monoceros SNR is about 0.4 kpc more distant than the
Rosette Nebula. Which one is correct depends on if the SNR
is really interacting with the MC.
4.4 G213.0-0.6
G213.0-0.6 is located to the east of HII region S248. It is an
old SNR, with a partially shell-like structure and extremely
low radio surface brightness (Reich et al. 2003). The struc-
ture of the 6 cm radio emission in this SNR is very frag-
mented. Su et al. (2017) combine the morphological cor-
respondence between CO and radio observations and the
broadening of CO profiles to conclude that molecular gas at
radial velocity VLSR ∼ 9 km s−1 would be physically associ-
ated with the remnant. They obtain a kinematic distance
to the remnant of about 1.0 kpc, which is consistent with
the estimates from the updated
∑−D relationship (Pavlovic
et al. 2014) and the 3D extinction map (Green et al. 2015).
They also argue that the HII region Sh2-284, which is lo-
cated near the southwestern border of the SNR, has a dis-
tance of 4-5 kpc. Therefore there is no correlation between
Sh2-284 and the remnant.
We find some segmented MC features that may cor-
relate to the morphology of 6 cm radio observation of the
SNR at distance bin between 1.0 and 1.5 kpc. From the
colour excess profile fitting, we obtain d0 = 1146+79−80 pc and
δE(G − KS) = 0.35+0.02−0.03mag. Our estimate of distance is con-
sistent with that from Su et al. (2017).
4.5 G182.4+4.3
G182.4+4.3 was first detected at radio wavelength by Kothes
et al. (1998). They report that the remnant has a shell struc-
ture in the southwest. The southern shell is bright and has a
MNRAS 000, 1–14 (2017)
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Figure 3. Left: differential colour excess distribution maps of the Monoceros Nebula at distance bin 1.0-1.5 kpc (upper panel) and
1.5-2.0 kpc (bottom panel). Middle: three high reddening regions selected from the map, MC3a (upper panel), MC3b (middle panel)
and MC3c (bottom panel), with the morphologies of the 6 cm radio emissions. The colour contours in the left panels and the grey-scale
contours in the middle panels represent the distribution of the differential colour excesses, which vary from 0.18 mag to 0.63 mag with
interval of 0.09 mag. The colour maps in the middle panels represent the Urumqi 6 cm radio image of the Monoceros Nebula. The red
polygons in the middle panels represent the corresponding regions of MC3a, MC3b and MC3c we selected. Red points are median values
in each distance bin. Red dashed lines are extinction curve without the contribution of MCs. Blue lines are the best-fit colour excess
profiles resulted from 100 randomly picked sample by the Monte Carlo analysis.
circular shape. In contrast, the northern shell is much fainter
and flattened. From a discussion of their radio observations
at 1400 MHz, 2675 MHz, 4850 MHz, and at 10450 MHz, they
argue that G182.4+4.3 is at a distance of ≥ 3 kpc, having
a radius of about 22.5 pc, and probably expanding accord-
ing to the classical Sedov equations. They have checked the
ROSAT All-Sky Survey and found no visible X-ray emission
detected in the region of the remnant.
In this work, we only find one MC at the distance bin
1.0-1.5 kpc (top left panel in Fig. 5). Beyond 1.5 kpc, there
are barely any cloud features. The MC we find at the north
and northwest sides of the SNR has no good spatial corre-
lation with the remnant. However, an arc-shaped cloud has
also been detected by the CO survey conducted by Jeong
et al. (2012) in the same direction. According to the well-
matched borders of the MC and the faint northern shell of
the SNR, Jeong et al. (2012) suggest that the MC would
be blocking the expansion of remnant. We have calculated
the distance of the cloud, which yields a distance of d0 =
1050+87−91 pc and δE(G − KS) = 0.89+0.08−0.11mag. If the blocking
scenario is true, the SNR may be located at the same dis-
tance.
MNRAS 000, 1–14 (2017)
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Figure 4. Left: the colour excess distribution map of G213.0-0.6 at distance bin 1.0-1.5 kpc . Middle: the reddening region selected from
the map, with the morphologies of the 6 cm radio emissions. Right: the colour excess profile fitting for the MC. The colour contours in
the left panel and the grey-scale contours in the middle panel represent the distribution of the differential colour excesses, which vary
from 0.16 mag to 0.57 mag with interval of 0.08 mag. The colour map in the middle panel represents the Urumqi 6 cm radio image of
G213.0-0.6. The red polygon in the middle panel represent the corresponding region of MC we selected. Red points are median values
in each distance bin. Red dashed lines are extinction curve without the contribution of MCs. Blue lines are the best-fit colour excess
profiles resulted from 100 randomly picked sample by the Monte Carlo analysis.
Figure 5. Left: the colour excess distribution map of G182.4+4.3 at distance bin 1.0-1.5 kpc. Middle: the reddening region selected
from the map, with the morphologies of the 6 cm radio emissions. Right: the colour excess profile fitting for the MC. The colour contours
in the left panel and the grey-scale contours in the middle panel represent the distribution of the differential colour excesses, which vary
from 0.14 mag to 0.70 mag with interval of 0.07 mag. The colour map in the middle panel represents the Urumqi 6 cm radio image of
G182.4+4.3. The red polygon in the middle panel represent the corresponding region of MC we selected. Red points are median values
in each distance bin. Red dashed lines are extinction curve without the contribution of MCs. Blue lines are the best-fit colour excess
profiles resulted from 100 randomly picked sample by the Monte Carlo analysis.
4.6 G152.4-2.1
G152.4-2.1 was first discovered and identified as a SNR by
Foster et al. (2013) from radio observations. It has an inte-
grated radio continuum spectral index of −0.65±0.05. There
are two radio-bright shells in the north and south, parallel-
ing the Galactic plane. The very bright HII region Sh2-206
is seen in the northwest corner (as shown in the first panel
of Fig. 6). The distance of the SNR is estimated to be about
1.1 kpc with a large uncertainty.
In this work, we find several MCs at nearby distances
d ≤ 1.0 kpc in the direction of the SNR. However, none of
the MCs has good spatial correlation with the morphology
of the radio observation of the SNR. There is no significant
evidence for the interaction between MCs and the SNR. Be-
yond 1.0 kpc, there is little evidence for MCs. If there are
any MCs that are interacting with the remnant, the distance
should be ≤ 1.0 kpc.
4.7 G160.9+2.6, HB9
HB9 is a bright large nearby SNR. An arc-shaped shell is
shown in the east part of the remnant. Inside the remnant,
filamentary structures are visible. From the 6 cm radio emis-
sion map, the shells are clearly visible. A spectral index of
α = − 0.57 ± 0.03 is presented based on a TT-plot be-
tween 865 MHz data and 4750 MHz Effelsberg data (Reich
et al. 2003). Leahy & Tian (2007) estimate a kinematic dis-
tance of the SNR as d = 0.8 ± 0.4 kpc. Instead, Leahy &
Roger (1991) argue that HB9 should be located near the
MCs Sh217 and Sh219, but there is no definitive evidence
for any interactions between the SNR and any MCs for now.
MNRAS 000, 1–14 (2017)
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Figure 6. Panel 1: the morphologies of the 6 cm radio emissions of G152.4-2.1. Panel 2-5: the colour excess distribution maps of G152.4-
2.1 at distance bin 0.0-0.5 kpc, 0.5-1.0 kpc, 1.0-1.5 kpc, 1.5-2.0 kpc. The colour contours in the middle and right panels represent the
distribution of the differential colour excesses, which vary from 0.22 mag to 0.78 mag with interval of 0.11 mag. The colour map in the
left panel represents the Urumqi 6 cm radio image of G152.4-2.1.
In this work, we find a MC feature at the distance bin
of 0.5 to 1.0 kpc. However, few overlaps have been found
between the MC and HB9. On the contrary, it shows an
anti-correlated pattern (Fig. 7), which is similar to the case
of SNR G182.4+4.3. The distance of the cloud is estimated
as d0 = 556+74−6 pc and δE(G − KS) = 0.43+0.04−0.12mag.
4.8 G206.9+2.3, PKS 0646+06
G206.9+2.3 is an SNR close to the Monoceros Nebula with
a bright radio shell in the northwest. Graham et al. (1982)
estimate the distance of the SNR to be from 3 to 5 kpc.
They obtain a spectral index of α = −0.45 ± 0.03, which is
confirmed by Gao et al. (2011) (α = −0.47±0.04). According
to the X-ray and optical studies, the SNR is probably evolv-
ing in low-density environment (Leahy 1986; Ambrocio-Cruz
et al. 2014). Based on a large CO map in the direction of
G206.9+2.3, Su et al. (2017) detected a molecular gas cavity
in the region where the remnant located.
As shown in Fig. 8, the low colour excess values (≤
0.4mag) in the region of G206.9+2.3 from our work agrees
well with the low density and the lack of MCs suggested by
Su et al. (2017). No obvious morphological correlation are
found between the dust and CO observations.
4.9 G156.2+5.7
G156.2+5.7 is the first Galactic SNR discovered through
its X-ray emission (Pfeffermann et al. 1991). They conclude
that the remnant is located in a region of very low interstel-
lar density (0.01 atoms cm−3). It is one of the X-ray bright-
est and radio faintest SNRs known (Reich et al. 1992; Xu
et al. 2007). Its radio morphology shows limb brightening
along the northwest and southeast rim, which is typically
seen in ”barrel-shaped” SNRs (Kesteven & Caswell 1987).
Based on the measurement of the expansion velocity of the
SNR, Katsuda et al. (2016) estimate the distance of the SNR
as d ≥1.7 kpc. In the NE filament rim, spatial coincidence
between shocked radiative emission and a dusty interstellar
cloud is found (Gerardy & Fesen 2007). That may suggest
that the remnant is colliding with the cloud. However, there
is no clear evidence for that. There is a ‘hole’ in the south-
west side of the X-ray emission map of G156.2+5.7. Gerardy
& Fesen (2007) believe the observed coincidences between
X-ray emission holes and dusty interstellar clouds indicate
there are clouds in the foreground of the remnant leaving
X-ray absorption shadows on its X-ray image.
We have detected strong MC features, which have
colour excess up to E(G − KS) = 0.97 mag. The MC over-
laps with the 6 cm radio emission of the SNR on the west
side. However, there is no obvious coincidence between their
MNRAS 000, 1–14 (2017)
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Figure 7. Left: the colour excess distribution map of HB9 at distance bin 0.5-1.0 kpc. Middle: the reddening region selected from the
map, with the morphologies of the 6 cm radio emissions. Right: the colour excess profile fitting for the MC. The colour contours in the
left panel and the grey-scale contours in the middle panel represent the distribution of the differential colour excesses, which vary from
0.17 mag to 0.60 mag with interval of 0.09 mag. The colour map in the middle panel represents the Urumqi 6 cm radio image of HB9. The
red polygon in the middle panel represent the corresponding region of MC we selected. Red points are median values in each distance
bin. Red dashed lines are extinction curve without the contribution of the MC. Blue lines are the best-fit colour excess profiles resulted
from 100 randomly picked sample by the Monte Carlo analysis.
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Figure 8. Panel 1: the morphologies of the 6 cm radio emissions of G206.9+2.3. Panel 2-5: the colour excess distribution maps of
G206.9+2.3 at distance bin 0.0-0.5 kpc, 0.5-1.0 kpc, 1.0-1.5 kpc, 1.5-2.0 kpc. The colour contours in the middle and right panels represent
the distribution of the differential colour excesses, which vary from 0.08 mag to 0.40 mag with interval of 0.04 mag. The colour map in
the left panel represents the Urumqi 6 cm radio image of G206.9+2.3.
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morphologies. The relatively close distance (about 0.7 kpc)
and high dust density we find are not consistent with the
previous works. We suggest that it is a foreground MC.
4.10 G166.0+4.3, VRO 42.05.01
G166.0+4.3 has an unusual shape consisting of two radio
shells with significantly different radius. Bocchino et al.
(2009) classify G166.0+4.3 as an MM (Mixed-morphology)
SNR. This unusual morphology and different radius may
be explained by the different gas environments on both
sides. The spectral index from 408 MHz to 1420 MHz is
−0.36 ± 0.10, calculated from flux densities without back-
ground point sources(Leahy & Tian 2005; Tian & Leahy
2006). Kothes et al. (2006) present an overall radio spectral
index of α = − 0.37 ± 0.03. Its distance is estimated to be
5.0±0.5 kpc (Landecker et al. 1989). The SNR is likely asso-
ciated with molecular clouds (Lazendic & Slane 2006; Ouchi
et al. 2017). However, we are not able to find any MCs that
have spatial correlation with the SNR (Fig. 10). Considering
the distance of the SNR mentioned above, we may not be
able to trace the MC which is correlated with the SNR as our
colour excess map is only complete at distance of 3-4 kpc.
4.11 G178.2-4.2
Gao et al. (2011) have discovered G178.2-4.2 as an SNR
with strongly polarized emission detected along its northern
shell. It shows a round morphology with a prominent shell
on its north. The radio source 3C139.2 is located in the
center of G178.2-4.2, but it has no relation to the remnant.
After excluding the point source, the structure of its shells
is rather straight-forward.
In the direction of G178.2-4.2, there is a strong MC
feature with colour excess E(G − KS) up to 1.06 mag at the
closest distance bin (0-0.5 kpc). We are not able to find any
MC features beyond 1.0 kpc (Fig. 11). The morphology of
the MC at the distance bin 0-0.5 kpc has no spatial corrre-
lation with the SNR.
4.12 G179.0+2.6
G179.0+2.6 is a faint shell-type SNR firstly identified and
studied by Fuerst & Reich (1986). Fuerst & Reich (1986) and
Fuerst et al. (1989) discount the contribution of three extra-
galactic bright radio spots. In addition, Gao et al. (2011)
improve it by removing the flux contribution of 15 point-
like sources and obtain an overall spectral index for the SNR
G179.0+2.6 of α = −0.45 ± 0.11. We are not able to detect
any MC that shows correlated features with the remnant
(Fig. 12).
5 DISCUSSION AND SUMMARY
The 3D dust extinction mapping method can provide dis-
tance information to the SNRs interacting with MCs. This
method is straight-forward, independent of and free from
any influences of other assumptions. The morphology of the
MCs identified can also serve as an indirect evidence of any
potential interaction between SNRs and MCs. However, due
to the limited resolution of our colour excess map and the
completeness distance limit, we are not able to identify the
MCs that associate with SNRs of small apparent diameter
or SNRS at large distance from the Sun.
In this work, we have built 3D dust distribu-
tion maps toward 12 SNRs in the Galactic anticentre:
G152.4-2.1, G156.2+5.7, G160.9+2.6, G166.0+4.3, G178.2-
4.2, G179.0+2.6, G182.4+4.3, G189.1+3.0, G190.9-2.2,
G205.5+0.5, G206.9+2.3, G213.0-0.6. Based on the maps,
we have identified MCs which are potentially interacting
with these SNRs by searching correlations of morphologies
between the MCs and the 6 cm radio emission of the SNR.
Once any MCs are identified to have spatial correlation
with the SNR, distances of the MCs (and the corresponding
SNRs) are then determined by fitting the colour excess pro-
file of the stars in the region of the MCs. We have found MCs
which are spatially correlated with the radio extents for four
SNRs: G189.1+3.0 (IC443), G190.9-2.2, G205.5+0.5 (Mono-
ceros Nebula), and G213.0-0.6. Accurate distances are pre-
sented for these SNRs. For three other SNRs (G182.4+4.3,
G152.4-2.1, and G206.9+2.3), MCs that may potentially be
related to the SNRs are found. These clouds are located
near the remnants and have some features partly correlated
or anti-correlated with the morphology of the radio emission
of the corresponding SNRs. We provide estimations of dis-
tances for them. For the remaining remnants, no MCs with
any obvious correlations with the SNRs are detected. Our
results is summarized in Table. 2. The distances we deter-
mine are mostly consistent with previous works. However,
the distance can be slightly underestimated due to the dis-
tance data we use. The distance of Bailer-Jones et al. (2018)
use a method which is optimized for main sequence stars in
long line of sight with normal extinction. Errors for lines of
sight involving MCs may be more uncertain. We compare the
distance transferred directly from Gaia DR2’s parallax data
with the distance we use for Monoceros nebula. As shown
in Fig. 13, on average the distance directly from parallax is
5% further. For individual stars, this can go up to 20%.
In the future, this method can be further applied to
all SNRs, especially those having certain interactions with
MCs. As for those SNRs which have not found conclusive
proof of interactions, we can use this method to test the
possibility of interactions and obtain possible distances.
The whole reddening maps of 12 SNR are available on-
line, containing reddening contours in all distance intervals
of each SNR.
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Figure 9. Left: the colour excess distribution map of G156.2+5.7 at distance bin 0.5-1.0 kpc. Middle: the reddening region selected
from the map, with the morphologies of the 6 cm radio emissions. Right: the colour excess profile fitting for the MC. The colour contours
in the left panel and the grey-scale contours in the middle panel represent the distribution of the differential colour excesses, which vary
from 0.28 mag to 0.97 mag with interval of 0.14 mag. The colour map in the middle panel represents the Urumqi 6 cm radio image of
G156.2+5.7. The red polygon in the middle panel represent the corresponding region of MC we selected. Red points are median values
in each distance bin. Red dashed lines are extinction curve without the contribution of the MC. Blue lines are the best-fit colour excess
profiles resulted from 100 randomly picked sample by the Monte Carlo analysis.
165166167
Galactic Latitude
4
5
Ga
la
ct
ic 
Lo
ng
itu
de
mK TB
165166167
Galactic Latitude
4
5
Ga
la
ct
ic 
Lo
ng
itu
de
0.00-0.50
165166167
Galactic Latitude
4
5
Ga
la
ct
ic 
Lo
ng
itu
de
0.50-1.00
1
4
16
64
165166167
Galactic Latitude
4
5
Ga
la
ct
ic 
Lo
ng
itu
de
1.00-1.50
165166167
Galactic Latitude
4
5
Ga
la
ct
ic 
Lo
ng
itu
de
1.50-2.00
Figure 10. Panel 1: the morphologies of the 6 cm radio emissions of G166.0+4.3. Panel 2-5: the colour excess distribution maps of
G166.0+4.3 at distance bin 0.0-0.5 kpc, 0.5-1.0 kpc, 1.0-1.5 kpc, 1.5-2.0 kpc. The colour contours in the middle and right panels represent
the distribution of the differential colour excesses, which vary from 0.11 mag to 0.40 mag with interval of 0.06 mag. The colour map in
the left panel represents the Urumqi 6 cm radio image of G166.0+4.3.
MNRAS 000, 1–14 (2017)
12 Bin Yu et al.
178179
Galactic Latitude
5
4
Ga
la
ct
ic 
Lo
ng
itu
de
mK TB
178179
Galactic Latitude
5
4
Ga
la
ct
ic 
Lo
ng
itu
de
0.00-0.50
178179
Galactic Latitude
5
4
Ga
la
ct
ic 
Lo
ng
itu
de
0.50-1.00
1
4
16
178179
Galactic Latitude
5
4
Ga
la
ct
ic 
Lo
ng
itu
de
1.00-1.50
178179
Galactic Latitude
5
4
Ga
la
ct
ic 
Lo
ng
itu
de
1.50-2.00
Figure 11. Panel 1: the morphologies of the 6 cm radio emissions of G178.2-4.2. Panel 2-5: the colour excess distribution maps of
G178.2-4.2 at distance bin 0.0-0.5 kpc, 0.5-1.0 kpc, 1.0-1.5 kpc, 1.5-2.0 kpc. The colour contours in the middle and right panels represent
the distribution of the differential colour excesses, which vary from 0.12 mag to 1.06 mag with interval of 0.06 mag. The colour map in
the left panel represents the Urumqi 6 cm radio image of G178.2-4.2.
Table 2. Distances of the SNRs resulted from this work.
No. l b Size Distance Distance Name(s) Physical Contact Physical Contact
(arcmin) This Work(kpc) Previous(kpc) with MCs in this work with MCs in literature
1 189.1 3 45 1.73+0.13−0.09 0.7-2 IC443, 3C157 Yes OH maser, CO ratio,
H2, molecular MA & LB
2 190.9 -2.2 70x60 1.03+0.02−0.08 1.0 ± 0.3 G190.9-2.2 Yes
3 205.5 0.5 220 0.93+0.05−0.08/1.26+0.09−0.10 0.8/1.6 Monoceros Nebula Yes CO RC
4 213 -0.6 160x140? 1.15+0.08−0.08 ∼ 1 G213-0.6 Yes
5 182.4 4.3 50 ∼1.1 ≥ 3 G182.4+4.3 Possible
6 152.4 -2.1 100x95 ≤ 1.0 ∼ 1.1 G152.4-2.1 Possible
7 160.9 2.6 140x120 ∼0.6 0.8 ± 0.4 HB9 Possible CO RC
8 206.9 2.3 60x40 3-5 PKS 0646+06 Not Found
9 156.2 5.7 110 ≥1.7 G156.2+5.7 Not Found
10 166 4.3 55x35 5.0 ± 0.5 VRO 42.05.01 Not Found CO RC
11 178.2 -4.2 72x62 None G178.2-4.2 Not Found
12 179 2.6 70 None G179+2.6 Not Found
sion website is https://www.cosmos.esa.int/gaia. The Gaia
archive website is https://archives.esac.esa.int/gaia.
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